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Abstract 
As the improvement of river and road network layout, the competitiveness between ports becomes increasingly fierce. The 
research on port competitiveness is inevitable to the development of China's market economy and it s also important for ports  
survival and development. In this paper, we build a port competitiveness evaluation model according to the characteristics of 
Chernooff Faces, and we use the model to evaluate port competitiveness of ten coastal ports in China. We map out all the 
ports in image. And through the images we can see the relative strength of port competitiveness clearly. On 
the basis of this, we can get the final rank of the ten ports. This paper could provide some references for evaluating port 
competitiveness, and it has great realistic significance to port operation and management. 
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1. Chernooff Faces Model 
Chernooff H. put forward Chernooff Faces Model in 1970. In Chernoff faces, each one of the person's facial 
characteristics are representative of a particular data dimension, the first data dimension can be associated with 
the size of the mouth, the second are the size of the nose, the third are the eyes, etc. This technique highly 
concentrated data, and reflect a lot of the characteristics of the data table in an interesting way. The idea of this 
model is to use a certain s shape or size to represent each index, then it can use n index value to 
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sketch out a person's face, the differences among the faces can reflect the differences of the corresponding 
sample. 
Through the Chernooff Faces Model, multiple indicators of the evaluation object can be reflected in the faces, 
its basic structure is shown as figure 1. The face diagram made by SPLUS software can reflect 15 indicators of 
evaluation object.  
 
 
Fig. 1.  Basic structure of Chernooff Faces Model 
Chernoff faces indicators design and have the following meanings: 
(1) The outline of the face shape: it is composed of two semi-elliptical upper and lower, their minor axis are 
both in the Y-axis, the two ellipse compared to P and P ', and P and P' are symmetrical about the Y-axis. The 
distance of P to the origin O is h *, and O point is the center of the entire facial, definition of h * = 1/2 (1 +Z3) H, 
wherein the size of the H is the entire facial enlarge or reduce the coefficient. The angle between Segment OP 
and the horizontal line is 1 2(2 1) / 4Z , h is the vertical distance from the center of the face to the head, 
31/ 2(1 )h Z H , the Ellipse eccentricity of the upper half  of the face is 4Z , the lower half  is 5Z . 
(2) The nose: the origin O as the center of the vertical line (Y axis) of each of the upper and lower long h, Z6. 
(3) The mouth: at the position below the origin O, and the distance from the origin is 
7 7 6( (1 ) )mP h Z Z Z , 
represented by the arc which radius is h/
8Z . If Z8 is Positive it is a smile, in contrast, angry face. The size of the 
mouth is described by
ma , 9 8( / )ma Z h Z . 
(4) The eyes: described by two oval, the major axis is 2 eL , the eccentricity is 13Z , the center coordinates is 
(
eX , eY )and(- eX , eY ). 
 (5) The eyeball: from the center of the ellipse, to a position along the major axis of the ellipse, the distance is 
15(2 1)er Z , wherein 2 2 2 1/ 213(cos sin / )er Z L . 
 (6) The eyebrow: from the center of the ellipse up to the height hY  is the center of the eyebrow, its length is 
2 hL , and the horizontal angle is 2 . 
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2. Empirical research of port competitiveness evaluation  
2.1. The construction of index system 
Many factors involved in the evaluation of port competitiveness, such as the port location, hinterland 
economy, infrastructure, the prosperity degree of the transportation system and so on. Combining the connotation 
of port competitiveness and design principle of index system, the paper selected 6 primary indexes and 17 
secondary indexes, as shown in Figure 2. 
 
Fig. 2.  The index system of port competitiveness evaluation  
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The index value of selected ports as is shown in table 1. 
Table1.  Index data of each port 
 Guang
zhou 
Dalian Shangha
i 
Qingda
o 
Tianjin Shenzh
en 
Ningbo Xiame
n 
Lianyung
ang 
Yingkou 
A11 13.5 10 10 10.1 10 15.5 13 10 9 10 
A12 7050 3131 12000 3786 5018 6765 3433 1375 615 569 
A21 122 223 563 82 146 150 79 74 35 33 
A22 1161 1041 3344 665 1035 800 689 595 637 926 
A23 132 136.4 210 125.5 240 169.2 92.7 42.9 57 76.6 
A31 68.77 46.58 121.37 51.23 66.03 41.91 73.70 22.19 23.29 20.55 
A32 8 7 9 8 7 9 8 6 6 6 
A33 8 7 8 8 8 6 8 5 5 5 
A41 326 243 519 300 130 562 142 122 150 154 
A42 9 9 9 8 9 8 8 7 8 7 
A43 8 8 9 8 8 9 8 7 7 7 
A51 9 8 9 9 8 9 9 8 8 8 
A52 8 8 9 9 8 9 8 8 8 8 
A53 8 8 9 9 8 9 8 8 8 8 
A61 7.9% 6.2% 7% 5.9% 8.3% 6.5% 7.8% 7% 17.5% 26.7% 
A62 0.38 0.39 0.14 0.27 0.36 0.57 0.27 0.32 0.19 0.63 
A63 8 8 9 8 8 9 9 7 7 7 
2.2. Port competitiveness evaluation 
According to the certain port competitiveness index system, this paper established the variable conversion 
relationship for Chernooff Faces Model. Firstly standardize the data, and then select 15 variables used to indicate 
the secondary index of index system, and we used standard values instead of the other two indicators. 
Chernooff Faces theory has certain restrictions for the data that needs to be processed, the index value must be 
allowed numerical range. Therefore, this article made certain reduced processing to each index, then draw data 
matrix M as follows: 
  
0.36 0.8 0.4 0.44 0.7 0.3 0.4 3.6 0.5 0.22 0.2 0.7 0.10 0.9 0.16
0.27 0.35 0.6 0.4 0.7 0.25 0.3 3 0.4 0.22 0.2 0.6 0.10 0.9 0.12
0.27 0.8 1 0.8 0.8 0.4 0.4 3.6 0.8 0.22 0.24 0.7 0.11 0.3 0.14
0.27 0.45 0.3 0.24 0.7 0.25 0.4 3.6 0.5 0.2 0.2 0.7 0.11 0
M
.6 0.12
0.27 0.55 0.5 0.4 0.8 0.3 0.3 3.6 0.2 0.22 0.2 0.6 0.10 0.8 0.16
0.42 0.75 0.5 0.28 0.8 0.2 0.4 2.7 0.8 0.2 0.18 0.7 0.11 0.9 0.12
0.36 0.4 0.3 0.24 0.49 0.4 0.4 3.6 0.2 0.2 0.2 0.6 0.10 0.6 0.16
0.27 0.2 0.3 0.2 0.24 0.1 0.24 2.1 0.2 0.18 0.18 0.6 0.10 0.7 0.14
0.24 0.2 0.2 0.24 0.32 0.1 0.24 2.1 0.24 0.2 0.18 0.6 0.10 0.35 0.34
0.27 0.2 0.2 0.36 0.48 0.1 0.24 2.1 0.24 0.18 0.18 0.6 0.10 0.9 0.52     
According to the above settings, prepare drawing program is as follows: 
faces (data.matrix(lsr), fill=T, which=1:15, head="Faces of 10 Ports", ncol=5, scale=T, byrow=T) 
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At the same time, in order to make the results more apparent, this paper take out the maximum and minimum 
value of each element to draw the best and worst Chernooff Faces (Respectively is in the chart the 11 and 12), 
and the specific results as shown in figure 3: 
 
 
Fig. 3. The Chernooff Faces diagram of each port 
2.3. Interpretation of result 
From the figure 3 we can see that the Chernooff Faces Model can intuitively reflect the difference between 
each port competitiveness and the characteristics of advantages and disadvantages. Ten ports, the best is in 
Shanghai port, the face is the most close to the best types of face. Accordingly, Lianyungang is the worst, it is 
like a minimum facebook. Here are ten port competitiveness analysis: 
1) The size and shape of the face: respectively represent the natural environment and the economic 
environment of the port. Contrast the best face we can see Shanghai, Guangzhou, Shenzhen performance better. 
2) The length of nose: means the port berths ability. Better performance: Dalian , Shanghai, Shenzhen. 
3) Mouth position: means port handling equipment. Better performance: Guangzhou, Shanghai, Shenzhen. 
4) Mouth bending: means storage capacity. Better performance: Guangzhou, Dalian, Shanghai, Qingdao, 
Tianjin, Shenzhen, Ningbo. 
5) Mouth width: means operation efficiency. Better performance: Guangzhou, Shanghai, Shenzhen. 
6) Eyes position: means customs clearance efficiency. Better performance: Guangzhou, Shanghai, Qingdao, 
Shenzhen, Ningbo. 
7) Two eyes spacing: means the average stopping time in port. Better performance: Guangzhou, Shanghai, 
Qingdao, Tianjin, Shenzhen, Ningbo. 
8) Eyes point of view: means route coverage. Better performance: Guangzhou, Shanghai, , Shenzhen. 
9) The shape of the eye: means collection and distribution condition. Better performance: Guangzhou, 
Shanghai, Qingdao, Tianjin, Shenzhen. 
10) The width of the eyes: means operation rate level. Better performance: Guangzhou, Shanghai, Shenzhen. 
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11) Eyeball position: means EDI system. Better performance: Guangzhou, Shanghai, Qingdao, Tianjin, 
Shenzhen, Ningbo. 
12) Brow position: means safety monitoring system. Better performance: Guangzhou, Shanghai, Qingdao, 
Shenzhen, Ningbo. 
13) Eyebrows Angle: means earnings per share. Better performance: Guangzhou, Dalian, Tianjin, Shenzhen, 
Ningbo, Yingkou.. 
14) The width of the eyebrows: means cargo throughput rate nearly five years. Better performance: 
Lianyungang, Yingkou.. 
Comprehensive the above analysis, the rough ranking of ports is shown in below table. 
Table2.  Ranking of each port 
Port Shanghai 
Shenzhe
n 
Guangz
hou Tianjin 
Qingda
o Ningbo Dalian 
Yingko
u Xiamen 
Lianyun
gang 
Ranking 1 2 3 4 5 6 7 8 9 10 
3. Conclusions 
From Chernooff Faces Model theory, we can see that it is an objective data processing and image rendering 
process, the whole process without any influence of subjective factors. In the port competitiveness evaluation, the 
advantage lies in drawing out the more vivid face, through the face readers can clearly see the port 
comprehensive competitiveness and its competitive strengths and weaknesses. Its limitations is only draw out 
face diagram, and cannot be directly given a specific ranking, so we can know port competitiveness situation 
probably after detailed description, thus probably get a general ranking. 
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